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As part of our ongoing research on palladium complexes in stoichiometric 1 and catalytic reactions, 2 it was our goal to design a multifunctional, hemilabile ligand that would stabilize both Pd(0) and Pd(II) under reaction conditions. Such a ligand may facilitate a catalytic reaction involving a Pd(0)-Pd(II) cycle, like the C-C cross-coupling reaction, without the aid of additional stabilizing ligands. This may be achieved by a ligand that is able to act as a bidentate as well as a terdentate ligand and that has variable chelate angles. It has recently been found that P-N ligands in particular are suitable ligands for palladium-catalyzed allylic alkylation 3,4 and cross-coupling reactions, 5a,b although other mixed-donor ligands, such as ones with a N-S donor set, may also be very active. 6 We thus designed the multifunctional phosphorusbis(nitrogen) ligand N-(2-(diphenylphosphino)benzyli-dene)(2-(2-pyridyl)ethyl)amine (PNN, 1); see Figure 1 . The new potentially terdentate ligand 1 contains three donor atoms, a diphenylphosphino, an imino, and a pyridyl group. The latter two were chosen in an effort to enhance the π-accepting capacity of the system. Such π-accepting abilities are a prerequisite for the stabilization of zerovalent palladium complexes. The intrinsic flexibility of the ligand facilitates the adaptation of the bite angles between the metal and the donor atoms, as needed for the different oxidation states of palladium. Because of its flexible structure, 1 can act either as a monodentate P ligand, as a bidentate P-N one, or as a terdentate P-N-N one. Upon coordination both the P-N and the N-N sets will form six-membered chelate rings. Preliminary results of the coordination chemistry of ligand 1 in palladium complexes have been reported recently, 7 and Mo(CO) 4 complexes containing related ligands have been reported briefly by Rauchfuss. 8
Results
The PNN Ligand, 1. The orange, potentially terdentate ligand 1 has been synthesized in 81% yield from the Schiff's base condensation reaction of 2-(diphenylphosphino)benzaldehyde and 2-(2-aminoethyl)pyridine according to the method of Lavery and Nelson. 9 1 was characterized by 1 H-, 13 C-, 31 P-, and 15 N-NMR, IR, and mass spectroscopy (Figure 1 ). The ligand proved to be fairly insensitive toward oxidation. In the solid state the ligand is stable for months, and in solution, no significant amounts of the oxidation product were observed within 4 weeks.
The 1 H-NMR spectrum of 1, see Table 1 , shows a phosphorus coupling constant of 4.7 Hz on H 7 , which is absent in the spectra of its palladium and platinum complexes 2-11. Presumably this is a through-space coupling, indicating a conformation of free 1 in which the imino-hydrogen atom points toward the phosphorus lone pair. 10 This feature was also reported by Rauchfuss for the related ligands (C 5 H 6 ) 2 P-2-C 6 H 4 C(H)dNR (R ) p-C 6 H 4 OCH 3 , CH 2 C(H)dCH 2 , CH 2 -2-C 5 H 4 N, and CH 2 -CH 2 SCH 3 ). 8 Phosphorus couplings of 3.9 and 4.7 Hz are found on H 2 and H 4 of the benzaldimino group, respectively, which are also present in the palladium complexes of 1. The 13 C-NMR spectrum of 1, see Table 2 , shows phosphorus couplings on the resonances of the two phenyl groups and on C 2 and C 7 of the benzaldimino group. The resonances of the ethylpyridyl moiety have no visible phosphorus couplings (J(P-H) < 1 Hz). Table  3 shows the 31 P-and 15 N-NMR and IR data. The two nitrogen nuclei of 1 shift -45.2 and -68.3 ppm relative to nitromethane, which are expected values for imino and pyridyl nitrogens, respectively. 11, 12 The imino nitrogen shows a small 3.0 Hz phosphorus coupling. The phosphorus atom in 1 has a chemical shift of -13.6 ppm, which is in agreement with similar triarylphosphine ligands, e.g. triphenylphosphine. The IR shows the expected resonance of the CdN group at 1635 cm -1 . 8 Methylpalladium Compounds. Methylpalladium compound [(PNN)Pd(CH 3 )]Cl, 2, was synthesized from (η 2 ,η 2 -1,5-cyclooctadiene)Pd(CH 3 )(Cl) in chloroform or dichloromethane at room temperature as published recently; see Figure 2 . 7 The isostructural complex [(PNN)Pd(CH 3 )]CF 3 SO 3 , 3, has been synthesized from 2 upon metathesis with silver trifluoromethanesulfonate at room temperature in acetonitrile. The platinum analogues of 2 and 3, [(PNN)Pt(CH 3 )]Cl, 9, and [(PNN)Pt-(CH 3 )]CF 3 SO 3 , 10, have been obtained via the same procedures, starting with (COD)Pt(CH 3 )(Cl).
Whereas compounds 2 and 3 readily dissolve in solvents such as chloroform, dichloromethane, acetonitrile, and DMSO and are moderately soluble in less polar solvents like benzene and toluene, 9 and 10 are only moderately soluble in dichloromethane and chloroform and poorly soluble in benzene and toluene. In the solid state as well as in solution 2, 3, 9, and 10 are stable in solution at ambient temperature for several months.
In 2, 3, 9, and 10, PNN coordinates in a static terdentate fashion as can be concluded from (i) the presence of small phosphorus couplings on the 13 C-NMR resonances of the pyridyl ring, (ii) a very characteristic set of multiplets for H 8 and H 9 , (iii) a 45 Hz phosphorus coupling on the resonance of the pyridyl N in the 15 N-NMR in combination with a coordination induced shift (CIS) of ca. -50 ppm, and (iv) conductometric experiments, since terdentate coordination of PNN in divalent palladium complexes results in ionic compounds. Additionally, 195 Pt couplings are present in the 1 H-, 13 C-, and 31 P-NMR spectra of the platinum compounds 9 and 10 (Tables 1-3); large Pt-P coupling constants of 4101 and 4078 Hz, Pt-H coupling constants of 70 Hz on the methyl ligand and 36 and 32 Hz on H 14 , and Pt-C coupling constants of 659 and 668 Hz on the methyl ligand of 9 and 10, respectively, indicate that the methyl resides cis with respect to the phosphorus. 13 Unlike the coordination behavior of nonsymmetric terdentate nitrogen ligands, 11, 14 of which the flexible ethylpyridyl moiety easily dissociates, PNN coordinates to 2, 3, 9, and 10 in a static terdentate fashion at the NMR time scale, as concluded from the lack of fluxionality in the NMR spectra recorded between 223 and 323 K.
Crystal Structure Determination of [N-(2-(diphenylphosphino)benzylidene)(-(2-(2-pyridyl)ethyl)amine]methylpalladium(II) Trifluoromethanesulfonate, 3. The precise arrangement of the ligands in complexes 2 7 and 3 has been determined by X-ray studies of their colorless crystals. The structural data are listed in Tables 4-6 and 8. The asymmetric unit contains two crystallographically independent molecules 3 and two molecules of chloroform. The molecular structure of {(PNN)Pd(CH 3 )}CF 3 SO 3 , 3, comprises the expected square planar arrangement of the three donor atoms of PNN and the methyl ligand around the palladium atom (Figure 3 ), analogous to 2. 7 The bond angles between Pd and two neighboring donor atoms are between 87.2(2)°[87.0 (2) 
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1.816(6) 1.806(5) P(n)-C(n21) 1.814(5) 1.803 (5) pounds, 5c,13 probably due to the better π-accepting capacity of the trans-situated imino nitrogen N(1) in the case of 3. The double six-membered ring chelate of the PNN ligand causes a twisted conformation of the ligand around the palladium atom. The pyridyl group is rotated 43.
with regard to the palladium coordination plane (P(n), N(n01), N(n02), and C(n27)). Carbonylation Reactions with Methylpalladium Complexes of PNN. Carbonylation of 2 and 3 at room temperature under atmospheric CO pressure proceeds very slowly. 5d,13 However, under 25 bar of CO at 50°C quantitative carbonylation was achieved within 2 days. When the reaction was followed with 31 P-NMR, using a single-crystal sapphire high-pressure NMR tube, CO insertion half-lives of 20 h have been determined for 2 and 3. 16 Unfortunately, the methylplatinum compounds 9 and 10 failed to react with CO, even under these reaction conditions.
For the carbonylation of 2, a vanishing Pd-CH 3 resonance of 2 at 0.36 ppm and a growing Pd-C(O)-CH 3 resonance of 4 at 2.19 ppm are observed in the 1 H-NMR, while in the 31 P-NMR the resonance of 2 at 37.0 ppm vanished with simultaneous formation of the resonance of 4 at 20.9 ppm. In the IR the carbonyl resonance at 1661 cm -1 typical for the acetyl group has been observed for 4. Similar results have been obtained for the carbonylation of 3 (Tables 1 and 3) .
The isostructural compounds 2 and 3 and also 9 and 10 have almost identical NMR spectra. However, 4 and 5 have quite different NMR and IR spectra, most prominently in the 31 P-NMR spectra, suggesting that 4 and 5 have different structures. Whereas in 5 PNN coordinates in the terdentate fashion, and hence is isostructural with ionic 2 and 3, in 4 PNN coordinates in a bidentate fashion as a phosphino-imino chelate with the chloride ligand coordinating; see Scheme 1. For example, in the 1 H-NMR spectra of 4 the resonances of the bridging region (-CH 2 CH 2 -) have two sharp triplets which are also present in the free ligand and in analogous palladium complexes with a free ethylpyridyl group 11, 14 but not in 2, 3, 5, 9, and 10. Crystals of 4 suitable for X-ray analysis were obtained, and a crystal structure determination has been carried out, vide infra, which confirms the proposed structure of 4.
During Bond Distances Pd-C (1) 2.379(4)
Figure 3. ORTEP (drawn at the 50% probability level) of 3. Only one of the crystallographically independent cations is shown. Crystal Structure Determination of [N-(2-(diphenylphosphino)benzylidene)(2-(2-pyridyl)ethyl)amine]chloroacetylpalladium(II), 4. A small crop of white crystals of 4 could be isolated after release of the CO pressure, filtration of the solution, and slow diffusion of diethyl ether into the solution. The molecular structure of (PNN)Pd(C(O)CH 3 )(Cl), 4, is presented in Figure 4 . The positional data are listed in the Supporting Information, selected bond distances and bond angles are in Table 6 , and the crystal and refinement data are in Table 8 .
In 4 PNN is coordinating in a bidentate fashion as a P-N chelate with a pendant ethylpyridyl group. As expected, the acetyl group and the phosphorus atom, being the strongest donors, 17 are situated in a cis position. The palladium ligand distances Pd-P ) 2.232(3) Å, Pd-N(1) ) 2.19(1) Å, Pd-Cl ) 2.379(4) Å, and Pd-C(1) ) 2.00(1) Å of 4 are in agreement with those of similar structures found in the literature. 5c,13,15 The short Pd-C(1) distance of 2.00(1) Å, although ca. 0.10 Å shorter than in analogous methylpalladium compounds, is normal for an acetylpalladium bond. 18, 19 The 17 However, we have recently observed shorter Pd-N distances of the trans nitrogen for acetyl groups than for methyl groups in the case of palladium complexes with R-diimine ligands, which is in contrast with the trend observed here. For these compounds, the shorter Pd-N(trans) bond has been attributed to an electronic push-pull effect, in which the higher trans influence of the acetyl increases the back-donation of charge from the palladium to the nitrogen. In 4, both the imino group C(3)-N(1)-C(10) and the acetyl group C(2)-C(1)-O are rotated (63.9(6) and 77.2(8)°, respectively) with respect to their ideal coplanar and perpendicular positions, while these groups make an angle of 104.9 (7)°with each other. Such deformations from the ideal values may prevent suitable overlap of the relevant orbitals and diminish the push-pull effect, resulting in a longer Pd-N(1) distance for 4 than for 2 and 3.
The bite angle of the P-N(1) chelate has the ideal value of 90.0(3)°, which must be attributed to the flexibility of the six-membered chelate ring. However, the Cl-Pd-C(1) angle of 84.3°is small whereas the ClPd-N(1) angle is large. Such deviations from the ideal values are not commonly observed for palladium compounds with very flexible ligands. Its origin may be the pendant ethylpyridyl group, forcing the chloride ligand toward the acetyl group.
Allylpalladium Complexes of PNN. In order to prepare a precursor for the zerovalent PNN palladium compound 11, we have synthesized allylpalladium complexes of PNN, since allylpalladium complexes can be reduced to zerovalent palladium complexes by soft carbanions or amines. 3,4 When PNN is reacted with 0.5 equiv of [(C 3 H 5 )Pd(µ-Cl)] 2 20 in chloroform at room temperature, a 1:1 mixture of ionic [(PNN)Pd(η 1 -C 3 H 5 )]Cl, 6, and neutral (PNN)Pd(η 3 -C 3 H 5 )(Cl), 6a, are initially formed, as concluded from the two sets of resonances present in the 1 H-and 31 P-NMR spectra. Heating the mixture of 6 and 6a in chloroform at 65°C for 2 h resulted in 6 exclusively.
The terdentate coordination fashion of the PNN ligand in 6 was easily determined, via a procedure analogous to the one used for the methylpalladium compounds 2 and 3; vide supra. In addition, the η 1 -allyl moiety shows the characteristic resonances of 2.19 (d, 2H, H 1′ ), 4.50 (d, H 3′ ), 4.62 (d, H 3′ ), and 5.52 ppm (m, H 2′ ) in the 1 H-NMR and of 31.9 (C 1′ ) and 110.7 ppm (C 3′ ) in the 13 C-NMR. 4,21 The 13 C-NMR resonances are slightly broadened, while C 2′ is concealed by resonances of 1. In the 31 P-NMR a sharp resonance at 33.1 ppm is observed, a value typical for compounds of the type (P-N)Pd(alkyl)(Y) and close to 2 and 3.
(17) Appleton, T. 6a shows strongly broadened resonances in both 1 Hand 31 P-NMR at room temperature. When the mixture of 6 and 6a is cooled to 223 K, these signals sharpen up. Although in the 1 H-NMR some resonances of 6a are concealed by signals belonging to 6, the presence of an η 3 -allyl group in 6a was easily determined. The proposed structure is confirmed by the resonance at 22.9 ppm in the 31 P-NMR spectrum, a typical value for complexes of the type (PR 3 )Pd(η 3 -allyl)(Cl) (Rdaryl). 22 In 6a, PPN is coordinating in a monodentate fashion and not as a P-N chelate (6b in Scheme 2), since 6a is not observed when the reaction is carried out in the presence of AgOTf. In this experiment, [(PNN)Pd(η 1 -allyl)]OTf, 7, is formed instantaneously, without a sign of other isomeric compounds (Scheme 2).
When PNN is added to in situ formed (pentamethylallyl)palladium chloro dimer 1a,23 in dichloromethane in the presence of silver triflate, [(PNN)Pd(η 3 -C 8 H 15 )]OTf, 8, is readily formed as concluded from the 1 H-, 13 C-, and 31 P-NMR data. The allylic carbons and the five methyl substituents have the chemical shifts and the phosphorus couplings characteristic of complexes of the type [(P-N)Pd(allyl)]Y. 24 Unfortunately, additional characterization of 8 by elemental analysis was not possible since it is not very well possible to synthesize [(η 3 -C 8 H 15 )Pd(Cl)] 2 quantitatively from (COD)Pd(CH 3 )(Cl): due to the very slow insertion of TMA, 1a,23 the reaction cannot be completed in order to prevent degradation reactions. A small amount of the starting material therefore cannot be avoided. Thus, after reaction with PNN, 8 always contains a certain amount of simultaneously generated 2, which, however, does not seem to affect the structural integrety of 8 nor complicates its NMR characterization.
Zerovalent Palladium Complexes of PNN. Synthesis of the zerovalent compound (PNN)Pd, 11, which is stabilized only by PNN without the aid of additional stabilizing ligands such as alkenes, was achieved by in situ reduction of the allylpalladium complexes 6 or 7 with pyrrolidine, as outlined in Scheme 3.
In doing so, a mixture of (PNN)Pd 0 , 11, was obtained as concluded from the spectroscopic data (see Scheme 3), along with a small amount of a second product, 11a, which we tentatively formulate as the η 2 -N-allylpyrrolidinium chloride stabilized zerovalent palladium compound {(PNN)Pd 0 [η 2 -H 2 CdC(H)CH 2 N(H)C 4 H 8 ]}Cl. Dissolved in chloroform, this mixture of 11 and 11a proved to be stable only for a few hours. Yet, we were able to characterize 11 by 1 H-, 31 P-, and 13 C-NMR spectroscopy, but due to the small amount present, 11a could not be characterized. In the 31 P-NMR spectrum, resonances at 30.9 ppm for 11 and at 35.1 ppm for 11a have been found. The first resonance was found before when synthesizing 11 from Pd 2 (DBA) 4 (DBA ) bis(benzylidene)acetone), although we were not able to isolate the zerovalent compound from this reaction mixture. Column chromatography of the mixture of 11 and 11a resulted in almost pure 11 with traces of 6. Zerovalent 11 is soluble in dichloromethane and chloroform and only moderately soluble in toluene and benzene. As a solid, 11 is stable for a few weeks.
Compound 11 was further characterized by mass spectroscopy using the Europium plasma desorption ionization technique. Besides small impurities at m/z 536.3 and m/z 541 belonging to [(PNN)Pd(Cl)] + and [(PNN)Pd(C 3 H 5 )] + , 6, respectively, a signal at m/z 500.7 is present which is clearly due to 11. Europium plasma desorption is a very soft ionization technique, and the presence of a stabilizing molecule (solvent, alkene) should have been detected.
C-C Bond Formations Catalyzed by Palladium Complexes of PNN.
In order to test the catalytic activity of palladium complexes of PNN, some allylic alkylation reactions have been performed starting with 6 as the precursor. 3, 4 The results are listed in Table 7 . The catalytic reactions were carried out on a 1 mmol (allylic substrate) scale in THF at room temperature with 1 mol % of 6 (entries 1-3). In the case of 3-acetoxy-1,3-diphenylpropene (entry 4 in Table 7 ), a typical substrate for studies on enantioselective allylic alkylation reactions, 3 mol % of the catalyst precursor 6 and 3 mmol of sodium diethylmalonate were used in order to compare the performance of PNN with ligands in the literature. 4 Samples were taken at 0.5, 1, 4, and 24 h of reaction time, although most reactions were completed within 0.5 h. These rates are much higher than those reported for enantioselective allylic alkylations catalyzed by palladium complexes with amino-phosphine, sulfido-phosphine, and amino-sulfide ligands. 4, 6 Furthermore, no significant formation of Pd-black was observed during and after the catalytic reaction, and no change in the product distribution in the case of 3-chlorobutene (entry 2 in Table 7 ) due to palladium-catalyzed isomerization reactions was observed within 24 h.
Discussion
The structural characterization of the complexes 2, 3, 5, 6, 9, and 10 and also of [(PNN)Pd(Cl)]Cl and of [(PNN)Pd(solvent)[OTf 2 , which were published recently, 7 shows that 1 has a very strong tendency to coordinate in a terdentate fashion. Such a strong tendency has not been observed for ligands with a N-N-N donor set unless steric constraints are imposing terdentate coordination, such as palladium complexes of terpyridine. 1e,11,14,25 The strong tendency of 1 to maintain coordination in the terdentate fashion is particularly remarkable in allylpalladium compound 6. Whereas the isomer in which PNN coordinates in a monodentate fashion 6a has been observed for a few hours, no sign of the expected P-N-coordinating isomer 6b has been observed; see Scheme 2. Only when η 1 -coordination of the allyl moiety is unfavorable, as in (pentamethylallyl)-palladium compound 8, is a P-N chelate observed.
The reason for the surprising bidentate coordination fashion in the acetylpalladium complex 4 is not well understood, although a similar behavior was observed recently for palladium complexes containing the trinitrogen ligand 2-((2-(2′-methylidene-6′-methylpyridyl)-amino)ethyl)pyridine. 14 Apparently, the Pd-Cl bond is stronger in 4 than the one in 2. Perhaps the Coulombic interaction Pd + Cl -is relatively strong in 4 (and in acetylpalladium complexes in general) due to a higher positive charge on Pd + , caused by the more electronegative acetyl group.
The low reactivity of the methylpalladium compounds 2, 3, 9, and 10 toward insertion of CO is not unexpected. CO insertion half-lives between 0.5 and 3 h at 25 bar of CO and at room temperature have been found for complexes of the type (P-N)Pd(CH 3 )(Y) (P-N ) 1-(dimethylamino)-8-(diphenylphosphino)naphthalene, 13 1-(dimethylamino)-3-(diphenylphophino)propane, and 13 cyclopentadienyl(7-(dimethylamino)-1-(diphenylphosphino)-4,5,6,7-tetrahydroindenyl)iron; 5d Y ) Cl, OTf). In order to insert CO into the Pd-C bond of a methylpalladium compound containing a P-N ligand, the reaction has to pass either via a large kinetic barrier in the migration step (route A in Scheme 4) or via a prearrangement equilibrium reaction with an unfavorable equilibrium constant (route B in Scheme 4). This is not the case for complexes containing symmetric bidentate ligands for which much shorter CO insertion half-lives (minutes) have been found. 1c,14,18 The observation that 2 and 3 have CO insertion halflives even longer (t 1/2 ) 20 h) than methylpalladium complexes of the above mentioned bidentate P-N ligands may have two origins. First, the Pd-N(pyridyl) bond in 2 and 3 may be stronger than the Pd-Cl bond in complexes (P-N)Pd(CH 3 )(Cl), due to π-back-donation. Second, the methyl group in 2 and 3 is stabilized by the π-accepting imino nitrogen in the trans position. This stabilizing push-pull effect is not present in the three above mentioned compounds, since these have amine nitrogens, which have no relevant π-accepting properties.
Although the allylic alkylation reactions catalyzed by 6 have not been studied in full detail, the results show that catalytic system performs very well and with very high rates compared with other palladium complexes containing P-N 4 and N-S 6 ligands used in (enantioselective) allylic alkylation reactions. It is not very probable that this remarkable performance can be attributed to the interaction of the pendant ethylpyridyl group with sodium diethyl malonate, similar to P-P-N-OH ligands reported by Hayashi. Palladium complexes with such bifunctional ligand systems did not show a significant accelerating effect and only enhance the stereoselectivity of the reaction. 4a-f Alternatively, the observed high rates might be cause by the presence of the imino nitrogen in the P-N chelate of PNN. In this scenario, the electrophilicity of the η 3 -allyl ligandsproviding the reactive species contains a η 3 -allyl groupsis increased by the π-accepting properties of the imino group, thus increasing its succeptibility for nucleophilic attack. Indeed, Helmchen and co-workers also observed a very fast reaction for the similar ligand 2-[2-(diphenylphosphino)phenyl)]-4-(2-propyl)-4,5-dihydrooxazole, but surprisingly, this rate enhancing effect was not observed for analogous phosphino-oxazole ligands. 4k As yet, the exact mechanistic implications of both the ethylpyridyl group and the presence of an imino nitrogen remain unclear.
Conclusions
We have shown that the potentially terdentate ligand 1 can coordinate to palladium in mono-, bi-, and terdentate coordination fashions. 1 stabilizes a series of organopalladium(II) and -platinum(II) complexes, with a strong tendency to terdentate coordination. Bidentate coordination is preferred in the acetylchloropalladium complex 4 and in (pentamethylallyl)palladium compound 8. Interestingly, the Pd(0) compound 11 meets the stability we aimed for. It is stable in the solid state for weeks as well as in solution in benzene or toluene for hours. The stability of both the zerovalent and divalent palladium complexes and the proven multifunctional coordination behavior of 1 now open a way to catalytic applications through a Pd(0)-Pd(II) cycle without additional stabilizing ligands. Indeed, our preliminary results of allylic alkylation reactions show that palladium complexes of PNN are very active.
Experimental Section
Materials and Apparatus. All manipulations were carried out in an atmosphere of purified, dry nitrogen by using N-INEPT-NMR spectra were recorded on a Bruker AMX 300 spectrometer, and the HP-NMR experiments, on a Bruker AC 100 spectrometer. Mass spectra were acquired using a Bio-Ion desorption time-of-flight mass spectrometer with a 15 cm flight tube (ABI Sweden, Uppsala, Sweden). The acceleration voltage was 18 kV. Samples were deposited from an acetonitrile solution of the complex on a nitrocellulosecoated target. GC-FID spectra were recorded on a HewlettPackard HP5790 gas chromatograph, the GC-MS spectra on a Hewlett-Packard HP5790 gas chromatograph equipped with a HP 5971A mass selective detector in the EI mode, and infrared spectra on a BioRad FTS-7 spectrophotometer.
NMR spectra have been obtained from CDCl 3 solutions, unless noted otherwise. Chemical shifts are relative to TMS ( 1 H-and 13 C-{ 1 H}-NMR), H3PO4 ( 31 P-{ 1 H}-NMR) and CH3NO2 ( 15 N-{ 1 H}-NMR). 27 Coupling constants J(H-H) are listed between J(P-H) and J(P-C) between parentheses, and J(Pt-H) and J(Pt-C) between braces. INEPT measurements were performed using the standard INEPT pulse sequence 27 with an evolution time τ set at 22.7 ms.
In order to save space, the homonuclear coupling constants of the ligand are not listed individually. The values for compounds 1-11 are as follows: H 2 dd (7.7, 1.3), H 3 t (7.7), H 4 dd (7.7, 1.0), H 5 d (7.7), H 7 s, H 8 t (7.4), H 9 t (7.4), H 11 d (7.7), H 12 dt (7.7, 1.2), H 13 dd (7.7, 5.5) ) trans P,
2′
) central,
3′
) cis P, a ) anti, s ) syn. Synthesis of (N-(2-(Diphenylphosphino)benzylidene)-(2-(2-pyridyl)ethyl)amine), 1. To a solution of 1.58 g (5.45 mmol) of 2-(diphenylphosphino)benzaldehyde 28 in 50 mL of benzene was added 699.2 mg (5.72 mmol) of 2-(2-aminoethyl)-pyridine, and the solution was refluxed for 1 h. The solution was dried on MgSO 4 and the solvent removed in vacuo to yield a pale yellow oil. The oil was dissolved in hot hexane and subsequently cooled in an ice bath. An orange precipitate is formed slowly. After decanting of the hexane and removal of the volatiles in vacuo, 1 was obtained purely.
1: Orange microcrystals; yield 81%, mp 75°C (from hexane). Anal. Found: C, 78.9; H, 6.0; N, 7.2; P, 7.7. Calcd: C, 79.2; H, 5.9; N, 7.1; P, 7.9 N-NMR (CDCl3) : -45 ([3] , imine N), -68 (pyridyl N).
Synthesis of Methylpalladium and Methylplatinum Compounds of PNN. The syntheses of the methylpalladium complexes 2, 3, 9, and 10 have been carried out according to published methods, starting with (COD)Pd(CH3)(Cl) 11 or (COD)-Pt(CH3)(Cl). 
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